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General Notes
To make the viewing of this document more manageable I broke it into several parts as follows:

General this document.  It contains a general view of the System as a whole and the 
Protocols used by the different data links.  These Protocols must be followed by any
design of hardware/firmware/software dealing with elements of the Trigger System
and by any other system that whishes to use the DFE Motherboard/Daughterboard
design here presented.

CTT A document dealing in detail with the L1CFT/CPS Axial, L2CFT  and L2CPS Axial
data transfers.

CPS  A document dealing in detail with the L2CPS data transfers.

FPS A document dealing in detail with the L1FPS  and L2FPS data transfers.

STT  A document dealing in detail with the L2STT  data transfers.

µ-System  A document dealing in detail with the data transfers from the DFE to the L1
µ-trigger.

L3 A document dealing in detail with the philosophy followed for data transfers to the
Transfers L3 for monitoring and debugging purposes.

Each Document will be the subject of a D®
Note to be published in the near future
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Track   an object defined by hits in the eight CFT layers such that they fulfill
one of the @16K predefined Boolean Equation for trajectories

Isolated Track a Track that is the only Track in a 13.50 wedge

Cluster an object formed by one or more consecutive PS strips with energy
above a threshold

H PS a cluster with hits above the High Threshold

L Ps a cluster with hits above the Low  Threshold

electron a Track matched to a PS Cluster (H and/or L)

Isolated electron an electron without other electrons in the corresponding  4.50 wedge or
adjacent ones

γ a PS cluster with no matched Tracks above a given Pt or upstream PS hits

Isolated  γ a γ with no other objects in the corresponding 4.50 wedge or adjacent ones

Jet To be defined

Glossary of terms
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Glossary of terms

Frame a set of bits (bytes) that are transferred in one tick of the clock controlling the
transmission link.

Record the set of consecutive Frames needed to transfer all the pertinent information of an
event.  The Record always includes a Trailer and some times a Header.  The 
Record does not including Filler frames.

File a Record with added Filler if necessary.

Data set of consecutive Frames carrying the selected information about the collisions.
The Data follows the Header (if there is one) and proceeds the Trailer.

Header a set of consecutive frames located at the beginning of a Record which provide
information relative to the interpretation of the Record.

Trailer a set of consecutive frames located at the end of a Record.  This provides a mean to
determine the “goodness” of the transmission.

Filler a set of consecutive ‘null’ frames that may be appended to the Record to fulfill
requirements regarding the length of a File.  This is used with the G Links only.
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Types of Links used in the CTT System
The terms defined here are used to define a physical link between two pieces of hardware
as well as the specific way to transmit data through the physical link.

FSCL Fast Serial Copper Link

Data is transmitted as electrical pulses through a balanced pair of conductors. 
Capable of sending signals at moderated distances (order of few meters).  The transfer rates
can be as high as 1.2 Gbit/s.  The transmission has an error rate of the order of 10-14. 
Negative impact: it can create ground loops that are a source of noise and unwanted 
couplings.

G Link Originally Glass Fiber Link

Fast Serial Link using Optical Signals over Glass or Plastic Fibers. Capable of transmitting
signals over long distances (order of kilometers).  Transfer rates of 1.2 Gbit/s. The 
transmission has an error rate of the order of 10-15.  Negative impact: cost and power 
consumption.

LVDS Low Voltage Differential Signal .

A hybrid between serial and parallel transmission of data. Several differential pairs are 
used to transfer information at high rates over short distances (order meters). The driver 
clock is carried over one differential pair. In the CTT four pairs are used for data with a 
driver clock of 53MHz.  With these parameters, the transfer rate is 1.8 Gbit/s.  The 
transmission has an error rate of the order of 10-12.  Negative impact: high error rate.
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The LVDS links between the Analog Front End boards and the Mixer or the Digital Front End boards
do not use Headers in their protocols.

The LVDS links between the Analog Front End boards and the Mixer or the Digital Front End boards
do not generate Transverse Parity.  Thus, the error rate could be as high as 10-12.  This is tolerable
because a wrong bit does not carry more penalty that the one incurred by electrical noise.

L1 information must be transferred from board to board in no more than 132ns.

L2 information going from the Digital Front End boards to the Collector or Broadcaster boards is sent
through the same physical links as the corresponding L1 information.  Physical links are time-shared.

General Notes about the CTT System



July 7, 1999 &UHDWHG�E\�0DQXHO�,��0DUWLQ

7

Diagram of the CTT
System.

For a better view go to Manuel’s
Web pages at

http://D0server1.fnal.gov/users/
manuel/protocols/diagram.doc
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AFE Analog Front End Board
MIX Mixing Box
DB Digital Board
DBTC DB Transition Card
COL Collector Board
BC BroadCaster Board
TM Trigger Manager
OCT COL serving an Octant
Qx BC serving  Quadrant x
OLR COL serving the Overlapping

Regions of the SI match
SEXT BC covering a Sextant
N/Sx board serving the 

North/South side
xU/V Refers to the U V orientation

of the PS strips
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Glossary of terms

AFE Board  the Analog Front End Board collects analog signals from the VLPCs,
integrates them and generates the necessary digital trigger signals from
them.  This board also holds the SVX II that performs the A/D 
conversion of the integrated signals.

Motherboard a digital board common to all subsystems.  This board supports one or
two Daughterboards, up to 10 LVDS input links, a VME interface ,
Backplane communications and up to four independent 24bit (+4) wide
output buses.

Daughterboard digital boards where all the functionality specific to a subsystem
resides.  These boards hold several FPGAs with the unique firmware
required for the function(s) assigned to it.

Transition Card a card dedicated to perform the necessary signal conditioning to
convert the serial data from the four output buses to LVDS and G Link
or FSC Link signals.
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Protocol for transfer of data via FSC  Link

This protocol was adopted by
the µ group and it is used only
to interact with hardware
designed by the µ group.

The major disadvantages of
this protocol are the lack of
Header and the lack of means
to recover synchronization if it
is lost.  Synchronization can
be recover only during the
“gaps” on the collider beams.

This protocol was adopted by
the µ group and it is used only
to interact with hardware
designed by the µ group.

The major disadvantages of
this protocol are the lack of
Header and the lack of means
to recover synchronization if it
is lost.  Synchronization can
be recover only during the
“gaps” on the collider beams.

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

Second Byte First Byte

TRAILERLongitudinal  Parity Longitudinal  Parity

Data Data

Data Data

Data Data

Data Data

Data Data

Data Data

6 consecutive
frames of Data
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Protocol for transfer of data via G Links

19 18 17 16 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

Control  Bits Second Byte First Byte

0  0  0  1 Header  Length # of Objects

0  1  0  0 Object  LengthH Format

0  1  0  0 Bunch  # Data Type

0  1  0  0 Rotation  # Rotation  #

0  1  0  0 Algorithm minV Algorithm MaxV

0  1  0  0 Status  Bits Proc. Bits

0  1  0  0 # Tracks Bin1

Obj.  Format

SC

0  1  0  0

# Tracks Bin 0SC

# Tracks Bin 3SC # Tracks Bin 2SC

H
E
A
D
E
R

L2 CFT ONLY

ALL  G  LINK

0  1  0  0 DATA DATA

0  1  0  0 DATA DATA

First Frame

Normal
Frames

0  1  0  0 Data Type Bunch  #

0  0  1  0 Longitudinal  Parity Longitudinal  Parity
TRAILER

Last Frame

DATA

Data is always presented in
multiples of two frames.   It
appears between the Header
and the Trailer.



July 7, 1999 &UHDWHG�E\�0DQXHO�,��0DUWLQ

11

u   Header Length��������1XPEHU�RI�:RUGV����IUDPHV�SHU�ZRUG��RI�KHDGHU ������������RU���
u   # of Objects �����������1XPEHU�RI�SK\VLFDO�REMHFWV��WUDFNV��FOXVWHUV��HWF�����$Q�REMHFW�UHTXLUHV�

������������D�PLQLPXP�RI�D�IXOO�ZRUG��WZR�IUDPHV��RU�D�PXOWLSOH�WKHUHRI�������WR����
u   Header Format�������'HILQHV�WKH�VWUXFWXUH�RI�WKH�KHDGHU ������������������
u   Object Format��������:LWK�WKH�'DWD�7\SH�GHILQHV�WKH�ELW�SDWWHUQ�RI�WKH�REMHFW�������������
u   Data Type �����������:KDW�7\SH�RI�GDWD��&)7��&36��HWF�
u   Algorithm MaxV������1RW�XVHG��5HODWHV�WR�WKH�$/3+$6
u   Algorithm minV�������1RW�XVHG��5HODWHV�WR�WKH�$/3+$6
u   Proc.  Bits �����������&RGH�WR�GHILQH�WKH�)LUPZDUH�YHUVLRQ�XVHG ��������������WR�����
u   Status Bits ������������6SHFLILF�FRGH��SURYLGLQJ�LQIRUPDWLRQ�DERXW�WKH�GDWD�WUDQVIHUUHG

Glossary of terms

Status Bits

Bit  7     Error of any kind
Bit  6     No processing attempted
Bit  5     Data is truncated
Bit  4     Detected errors in 
received data stream

Bit  3    Not defined
Bit  2    Not defined
Bit  1    More Data Type information
Bit  0    Set to 0 for normal data set to 1

when special data is sent.
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Glossary of terms

CFT�4XDGUDQW�� ���
CFT�4XDGUDQW�� ���
CFT�4XDGUDQW�� ���
CFT�4XDGUDQW�� ���
STT�6H[WDQW��� ���
STT�6H[WDQW��� ���
STT�6H[WDQW��� ���
STT�6H[WDQW��� ���
STT�6H[WDQW��� ���
STT�6H[WDQW��� ���

CPS�$[LDO�4XDGUDQW�� ���
CPS�$[LDO�4XDGUDQW�� ���
CPS�$[LDO�4XDGUDQW�� ���
CPS�$[LDO�4XDGUDQW�� ���
CPS�6WHUHR�18 ���
CPS�6WHUHR�19 ���
CPS�6WHUHR�68� ���
CPS�6WHUHR�69� ���
FPS�6WHUHR�18� ���
FPS�6WHUHR�19� ���
FPS�6WHUHR�68� ���
FPS�6WHUHR�69� ���

Data Type Used by the G Link Protocols

It is the responsibility of the Collector/Broadcaster
Boards’ Firmware to insert the proper Header in
the data stream.
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27

CONTROL BITS

26 25 24

1 1 1   indicates the First Frame of a Record

0 0 0   with ANY other Frame

TRANSVERSE PARITY BIT

Protocol for transfer of L1 data via LVDS Links
between DFE and COL and between COL and BC

  NOTE
L1 Data Transfers

between Collector Boards
and

Broadcaster Boards
do not use Header

information

DATA

LONGITUDINAL  PARITY

BYTE 0 BYTE 1 BYTE 2

06 05 0407 03 02 01 00

DATA  TYPE

14 13 1215 11 10 09 08 22 21 2023 19 18 17 16

LSb  SA PM MSb SAH

T

  0       0       0  0       0       0      0
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LONGITUDINAL  PARITY

CROSSING NUMBER TURN  NUMBER

DATA

VPP

BYTE 0 BYTE 1 BYTE 2

06 05 0407 03 02 01 00

DATA  TYPE

27

CONTROL BITS

26 25 24

1 1 1   indicates the First Frame of a Record

0 0 0   with ANY other Frame

TRANSVERSE PARITY BIT

Protocol for transfer of L2 data via LVDS Links
between DFE and COL and between COL and BC

14 13 1215 11 10 09 08 22 21 2023 19 18 17 16

MSb  # OBJ LSb  # OBJ PM   MSb SAHPP
H

T
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u       Data Type :KDW�7\SH�RI�GDWD��&)7��&36��HWF��

u       MSb #  OBJ 7KH�WKUHH�0RVW�6LJQLILFDQW�ELWV�RI�WKH�QXPEHU�RI�'DWD�)UDPHV�FDUU\LQJ�GDWD�
,W�GRHV�QRW�LQFOXGH�+HDGHU�RU�7UDLOHU�IUDPHV�

u������LSb #  OBJ� �7KH�WKUHH�/HDVW�6LJQLILFDQW�ELWV�RI�WKH�QXPEHU�RI�'DWD�)UDPHV�FDUU\LQJ�GDWD�
,W�GRHV�QRW�LQFOXGH�+HDGHU�RU�7UDLOHU�IUDPHV�

u       LSb SA 7KH�IRXU�/HDVW�6LJQLILFDQW�ELWV�RI�XQLTXH�QXPEHU�LGHQWLI\LQJ�WKH�JHRJUDSKLFDO
SRVLWLRQ�RI�WKH�´VRXUFHµ�RI�WKH�GDWD�

u       MSb SA� �7KH�WKUHH�0RVW�6LJQLILFDQW�ELWV�RI�XQLTXH�QXPEHU�LGHQWLI\LQJ�WKH�
JHRJUDSKLFDO�SRVLWLRQ�RI�WKH�´VRXUFHµ�RI�WKH�GDWD�

u������� TM &RGH�IRU�3DVV�DQG�0DUN�DQG�GHEXJJLQJ�

Glossary of terms
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À      With the exception of the links between the Mixer Board and the Digital Boards, error
rates higher than £10-15 are not acceptable.  Because the LVDS error rate (£10-12) is too high,
special measures are taken to ensure transfers with virtually no errors.

À      The usage of Longitudinal and Transverse parity permits to correct any single error in a
transmission and detect any double error.  This makes the transmission of data using the
LVDS practically error free.  After correction for single errors, the error rate is £10-24.

À      Because the Longitudinal error is not available until the end of the record, special codes
are used for Data Type and # of Objects. This is necessary because the Firmware must make
decisions about how to treat the data based on these two Header fields.

À   The codes used for Data Type are self-correcting in the sense that a single bit error
results in a code whose original value is known. The codes used are presented in the
next page.

À   The # of Objects is coded as a normal 6 bit binary but it is though of a 3x2 matrix
with 2 Transversal Parity bits (HPP) and 3 Vertical Parity bits (VPP).

  It is easy to see that both schemes result in codes whose original value can be inferred even
after a single bit error.

Notes about the LVDS Links
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Special Codes for Data Type

07 06 05 0004 03 02 01

1 0 1 10 0 1 0

0 1 0 00 0 0 1

1 0 1 00 0 0 1

1 0 1 00 1 0 0

0 1 0 10 0 1 0

0 1 0 00 1 0 1

0 1 0 11 1 1 0

0 1 0 01 0 0 1

TRIGGER SOURCE

L1 CFT/CPS Axial

L1 FPS

L1 Forward Proton

L2 CFT

L2 CPS Axial

L2 STT

L2 CPS Stereo

L2 FPS

L1

L2

Any single error can be corrected without Parity checks


